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Introduction 





The reliability of calculated energy requirements and indoor 
climate in buildings depends strongly on the numerical methods 
and an the choice of input data used in the calculations. The 
problems involved have been discussed in some detail in (1). 
For the purpose of comparing different computer programs and 
analyzing the consequencies of various simplifications in the 
computational process, a set of meteorological test data has 
been selected. The method used herein and some of the charact- 
eristics of the test data are presented in this report. 


The data set consists of one full year of hourly Synoptic 
observations plus hourly data on global and diffuse radiation 
and sunshine duration. This so called Test Year is intended 
for comparisons of different calculations of total annual 
energy-requirements. For design calculations additional data 
on warm and cold periods are included. 


In selecting the test year we have applied certain criteria 
that will rule out years with extremely high or low heating 
requirements. Yet, we do not consider the test year as a 
standard year in any well defined sense. The main reason is 
that there are serious conceptual difficulties involved in 
identifying one particular year or month as giving a 'typical' 
or 'standard' description of climate. The main difficulty is 
caused by the fact that 'climate' is a statistical concept 
and, as such, can be properly described only in statistical 
terms. The selection of one particular time series can only 
represent one out of a great number of possible sequences of 
weather events. It is very difficult to assign any statisti- 
cal significance to the patterns of time-variations in the 
different meteorological elements during one selected period 
longer than a few days or maybe one week. To put it simple, 


the atmosphere has a memory but a rather short one. 


On the other hand the integral properties of climate, i.e. 
sums, averages and correlations over a number of years, have 
considerable statistical significance and do not change very 
much from one ten year period to another, compared to the 
differences between individual years. 





In selecting a set of test data we believe it to be desirable 
that the data do not deviate Significantly from the long term 


averages of certain integral properties. 


The main reason for this is to avoid unnecessary bias in the 
data towards unusual conditions such as extremely prolonged 
periods of warm or cold, sunny or cloudy weather. 


The kind of tests, for which the data are intended, can be 
divided into three cathegories. 


l. Comparisons between computer programs using different 
types of numerical solutions and/or different approxima- 
tions for the thermal and structural properties of the 
building. 


Comparisons between calculations based on various ways 
of representing the same outdoor climate. 


Comparisons between computations using different criteria 
for the variation of indoor climate. 


Results from such tests will be published separately. 


The basic statistics used in selecting the test year were 
obtained from computer processing of meteorological observa- 
tions at the Swedish Meteorological and Hydrological Institute 
(SMHI). The data for cold periods have been obtained by the 
method previously used for warm periods as described in (2). 

A short account for the method is given also in this report. 








Selection of a Test Year 





Discussion of the problem 





As stated in the introduction it is difficult to se 
a particular year or month as representing normal cl 
tic conditions. Certain Statistical properties, suc 
meanvalues, frequency-distributions, autocorrelatic 
and autocovariances of single meteorological elemer 
as well as crosscorrelations and covariances of cer 
elements may be used as measures of normality. Neve 
less, the actual course of weather and the associat 
combined variations of temperature, radiation, humi 
windspeed etc during a statistically ۰ perio 
time still has a great number of degrees of freedom 
This means that the day to day variations of the va 
elements will be poorly defined, unless the number 
criteria of normality is very great. Otherwise it i 
likely that a particular month found to be most clo 
normal for one place will not be the same for anoth« 
place. This was brought out by a study in Finland (: 
where, by applying essentially the same method as us 
in the selection of the Danish Reference year (4), ረ 
corresponding year was obtained for Helsinki (Ilmale 
Further, the selection was repeated for two additior 
stations (Luonetjárvi, Jokioinen). Although these st 
ions are only 100-200 km apart, the rating of the 
individual months during the period 1950-1973 came c 


quite differently, as shown in figure 1. Such a poss 


lity is not very satisfactory with regard to the app 
tion for calculations of energy-requirements, since 


calculations will depend on which particular station 
used as reference. 


Another difficulty in combining selected, "normal" 

months to form a "standard" year for energy calculat. 
is, that extreme conditions most probably will be un 
estimated. Extremely high or low temperatures genera. 
occur after a prolonged spell of warm or cold, anti- 
cyclonic weather, during which the ground and the lov 
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Finnish stations used for 
examining the regional 
representativity of the 
Reference Year 
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A=Luonetjärvi, B=Ilmala A=Luonetjärvi, B=Jokionen A=jokionen, B=Ilmala 


Rating of the calendar months of the Reference Year selected 
for station A compared to rating for station B. 


1 = Best choice for A and B 
2 = Best choice for A, 2nd best for B, etc 





layer of the atmosphere is gradually warmed.or cooled. 
The occurance of such a period during one particular 
month will influence the temperature-statistics of that 
month to the effect, that it will most probably be 
rejected as a 'normal' month. This difficulty is also 
brought out in (3), where it was found that n-day mean 
values (for n=5) of temperature during each month of the 
reference year covered on the average only 32% of the 
monthly range of 5-day mean temperatures. 


The importance for energy calculations of the specific 
types of daily and day to day variation represented by 
a meteorological data set is not very thoroughly ana- 
lyzed. Some of the problems involved and the results 

of investigations recently made are reported in (9). 
Until the matter has been surficiently clarified we 
believe that the test year selected by us - and in fact 
any combination of hourly or daily data fo 12 calender 
months - should not be called a 'standard' or 'normal' 
year for calculations of energy use in buildings. The 
main reason for this is that not only the capacity and 
efficiency of heating, venilating and cooling systems 
but also the mode of operation will depend on the time 
variations in the meteorological conditions, in parti- 
cular the extreme design conditions, represented in the 
data set. 


A recent and rather elaborated approach in constructing 

a set of data for energy-calculations is presented in (5). 
Here, hourly meteorological data are generated syntheti- 
cally by a mathematical model which preserves all linear 
and non-linear correlations as well as probabilities 

and autocorrelations of the measured data. The model is 
based on 10 years of hourly observations. 


It is also demonstrated in (5) that the amount of gene- 
rated data may be considerably reduced without seriously 
affecting the calculated annual heating - or cooling re- 
quirements. For a specified building the errors intro- 
duced by using 16 days of data for each quarter of the 
year were 3 $ and 8 $ for heating and cooling, respec- 
tively. 
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It seems that this model could be well suited for calcu- 
lations of the average, annual energy consumption. The 
model is, however, rather complicated and would require 
some closer analysis with respect to the representation 
Of extreme design conditions. Also, the geographical re- 


presentativity of the generated data needs to be estab- 
lished. 


Method of selecting a Test Year 





For the present purpose cf comparing different methods 
of calculation we have chosen a less complicated method 
of selecting a test year. As a starting point we consider 
the heating-requirement as being governed primarily by 
the outdoor temperature with solar radiation acting as 

a retarding factor. For cooling the opposite relationship 
is assumed. As a gross parameter characterizing the heat- 
ing-requirement we use the monthly degree-day total (SD) 
and, for cooling-requirement, the monthly sum of global 
radiation (SG). In addition we also consider the monthly 
sums of degree-hours (SH) and sunshine duration (SS). 


SD and SH are calculated as follows: 


SD “io (20 - tp) 


| Only positive terms contribute 


SH 7 ጋ” (20 - ty? 


tp and ty are 24-hrs average and hourly outdoor 
temperatures respectively. 


Normally the degree-day concept is defined as the 
integral over the heating season 


S = s(t t ) dr 


base “out 


In cosequence the number of degree-hours is defined 
as 24 x S. 


The reason for including SH as calculated above is that 

it takes into account the occurance of of a few night time 
hours during days with mean temperatures above the thres- 
held-value for SD. Short time fluctuations of this kind 
Will not affect the heating requirement of a building, 

but could be of interest for air handling systems. 


The addition of sunshine duration as a parameter for 
selection is done in order to account for the solar gain 
when the elevation of the sun is low. During such hours 
the radiation on vertical surfaces may be considerable 
even if the global radiation is small. 
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ANNUAL TOTALS OF DEGREEHOURS (SH) VERSUS 1955 — 1975 
DEGREEDAYS (SD) FOR TEMPERATURES STOCKHOLM 
BELOW + 20°C 








as shown in figure 2 and 3. In the final discrimination, 


as described below, therefore only SD and SG are used. 


There is, however, 2 strong correlation between SD and 
SH and also, though less pronounced, between SG and SS, 
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ANNUAL TOTALS OF GLOBAL RADIATION (SG) 
VERSUS SUNSHINE DURATION (SS) 


1957 — 5 
STOCKHOLM 







Since we wanted to obtain a data Set containing hourly 
observations of global and diffuse short-wave radiation 
separately the only station for which these data are 
available is Stockholm. The period of observations used 
are 1955-1975 for SD and SH and 1957-1975 for SG and SS. 
For these periods all the required data are available on 
magnetic tape at the Swedish Meteorlogical and Hydro- 
logical Institute (SMHI). 













The selection is done in two steps. 





l. Indentification of those years that have annval tot- 
als of SD, SH, SG and SS within one standarddeviation 
of each parameter, as illustrated in figures 2 and 3. 


This step produced 4 possible years (1958, 1960, 1967, 









and 1971). In order to discriminate further between 
these four years, we consider the values of SD, SH, 
SG and SS for each month. 












For each of the four parameters the average is cal- 


culated for each calendar month. Next, for each in- 






dividual month the percentage deviation from the 






average is calculated. The results are given in 
table 1. 











For the final discrimination between the four years we 
assign more weight to the temperature-conditions, as 
given by SD, during the period October to March and to 


solar radiation, as given by SG, during April to Septem- 








ber. From table 1 we find that each of the four years 






shows maximum deviations for one or several months of 






the order of 15 $ or more for temperature and 20 $ or 







more for radiation. Making the division above into one 








cold and one warm half of the year, a somewhat closer 






inspcction of the table leads to the choice of 1971 as 






the most suitable year with 1958 as the second best. 






The year of 1960 was rejected since all the months May- 
August show a radiation deficit and the year of 1967 











since the degree-day sums are systematically to small 


Table 1 


Percentage deviation of SD, SH, SG and SS for each month 
during 1958, 1960, 1967 and 1971, 


-S-S 
5 


- 100 





Mean for 1955-1975 and 1957--1975 respectively 











35.9 25.8 
-28.2 19.4 
16.9 














during four out of the six cold months. The distinction 
between the two remaining years 1958 and 197] is rather 


arbitrary and we might as well have chosen 1958 as the 
test year. 


It is of some interest to note that in the selection of 
an "Example Year' done in Great Gritain (6), covering 
the period 1937-1973, the year of 1971 was found to be 
a suitable choice according te the ASHRAE selection 
method. The final recommendation in (6) was, however, 
to use the period October 1964 - September 1965 as an 
"Example Year' with the additional conclusion that 1967 
Should be used as the most Suitable calendar year for 
comparative calculations of energy demand. Although the 
methods of selection are not identical, the identifica- 
tion of 1967 and 1971 as suitable choices of calendar 
years both in England and Sweden is interesting. (The 
possibility of using a 12 month period other than a 
proper calendar year has not been examined in the present 
Study). The scale of the Synoptic pressure systems and 
the associated weather regimes are usually large enough 
to influence large parts of Europe simultaneously. 
Inspite of the doubts expressed above regarding the 
possibility of defining a 'normal' sequence of weather 
events during longer periods, we may conclude that the 
type of weather variability during 1967 and 1971 respec- 
tively has been similar in western Europe. Thus we may 
assume that calculations for different places, using 
data for one of the two years, can be compared with 
reasonable confidence. With regard to the situation 
found in (3) as quoted above, this is undoubtedly an 
improvement. 


Some characteristics of the Test Year 





The Test Year data set for Stockholm is a combination 
of hourly synoptic observations, hourly sums of global 
and diffuse, short wave radiation on a horizontal sur- 
face and hourly values of relative sunshine duration. 
The synoptic observations are made at Bromma airport 
while radiation and sunshine data refer to Stockholm. 
The data have been extracted from the data files at SMHI 
and stored on magnetic tape. Synoptic data and other 


data are stored on separate tapes. 


The gross characteristics in terms of monthly temperature 
and radiation sums for the test year are demonstrated 
above. Here we will give some examples of the day to day 
variations represented by the test year data. It is im- 
possible, however, to reproduce the complete data set. 
Thus we restrict the presentation to the annual varia- 
tion of daily mean temperature (figure 4) and daily 
variation during January and July of mean, maximum and 
minimum temperature (figures 5 and 6), daily total sun- 
shine duration (figures 5 and 6) and global and diffuse 
short wave radiation (figure 7). Further, the total va- 


riation of temperature as given by the cumulative frequen- 


cy-distribution for 1971 is compared in figure 8 with 
the distributions for the l6-year period 1955-70. The 
latter period is used as reference rather than the 
period 1961-72 (see below), since it covers a few more 
years. Even so, it shows some irregularities which are 
hardly significant. A tentative generalization of the 
reference-curve, based on data on extreme temperatures 
for stations in the Stockholm area during the last cen- 
tury, is shown by the dotted line in figure 8. 


Though the test year shows good agreement with the re- 
ference-curve in the central part of the temperature 
range (approximately within * 1 c), it is obvious that 
extreme conditions are systematically underestimated 

on both sides. In view of the preceeding discussion this 
is not surprising. The main error occurs on the cold 
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side. This is also to be expected, since winter tempera- 
ture conditions show considerably greater differences 
between years than summer temperatures. 


In view of the poor representation of extreme conditions 
obtained with the test year a completely different app- 
roach is taken to determine these conditions, as will 

be discussed below. 


In figure 4 the average annual course of temperature is 
shown by a smoothed cur ¢ for the 12-year period 1961- 
72. This is the period used for the determination of 
extreme warm and cold periods, which will be discussed 
below. We might as well have used e.g. the period 1931- 
60 to show the average annual variation. The difference 
between the two periods is not more than + 1?c or SO 
for any date during the year and for most of the time 
only a few tenths of a degree. The curve is shown here 
merely to give a reference for the type and amount of 


variability in the day to day fluctuations of tempera- 
ture during the test year. 


The periods used for selecting the test year (1955 (-57) 
- 1975) and for the determination of extreme periods 
(1961- -72) were both chosen for practical reasons, i.e. 
because of availability of observations. In the first 
case the period chosen was the longest available for 
Stockholm, which is the Only station with direct mea- 
Surements of global and diffuse radiation separately. 

In the second case the period was the longest for which 
observations were available for & sufficient number of 
stations throughout Sweden (2). The use of different 
periods, none of which is a so called climatological 
normal period may seem unsatisfactory. However, the 
differences are of little practical importance. Provided 
the length of period is at least 10 years the integral 
statistical properties for any two periods are very much 
the same. Moreover, as a predictor for future conditions 
during the next decades, no particular period can safely 
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be said to be the best. This is a frustrating but inevit- 
able consequence of the nature of climatological long 


term fluctuations, which as yet have escaped every 
attempt of systematization. 


From figure 4 it is evident that the day to day variation 
in temperature are irregular and very large. The varia- 
tions may be characterized as a 'noise-signal' superim- 
posed on the periodic annual variation. A proper spectral 
analysis of the 'noise' during this particular year has 
not yet been made. It is planned to include such analyses 
covering many years, in future work for the development 
of data or energy-calculations. As mentioned in the in- 
troduction it is difficult, however, to assign any 
statistical significance to the noise-spectrum during one 
particular year. This also holds for windspeed, solar 
radiation etc and, in particular, for the combined fluc- 
tuations of several meteorological elements. If, however, 
the response of the heat-balance of a building to fluctua- 
tions in daily mean temperature is strongly depending on 
the period and amplitude of these fluctuations, then the 
shape of the temperature spectrum would be an important 
property of the climatological input. It would be neces- 
sary then either to extend the calculation over a suffi- 
ciently large number of years to obtain Climatologically 
correct spectra and cospectra for the most important 





elements or to generate synthetical data which have the 
correct spectral properties. 


— uo --- -——— — - --- — —  — 


Obviously, this question is important also with regard 
to calculations of frequency and duration of indoor 
climate conditions. The number of occurencies and the 
total duration during one year with indoor-temperatureg 
exceeding certain limits will depend not only on the 
frequencies of different outdoor conditions but also 

on the response of the building to outdoor variations. 
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Before more results have been obtained regarding these 
matters, it is hardly appropriate to regard the year 
1971 as a "standard" year for calculations cf annual 
energy requirements or indoor climate. 


Figures 5-7 show, in addition to the same data as figure 
4, the daily extreme temperatures and daily totals of sun- 
shine duration, global and diffuse radiation for January 
and July. These two months would be expected to represent 
extreme design conditions in a proper standard or refer- 
ence year. However, it is easily seen that January, as 
indeed also December and February (cf. fig 4 and table 1) 
are fairly warm months. For July the average temperature 
was close to normal. However, the first half of the month 
was warm and sunny due to persisting anticyclonic condi- 
tions. This warm period may well be taken as representa- 
tive of summer design conditions as will be evident in 


the following discussior of data for extreme periods. 


Data for extreme warm and cold periods 





Rather than using the test year for design calculations 
of heating and cooling systems we use data for extreme 
warm and cold periods, which are based on the 12-year 
period 1961-1972. The method for selecting these data 

has been described earlier (2) but a short account is 
given here. In (2) the data for warm periods have been 
published for several stations in Sveden. The correspond- 
ing data for cold periods, presented nere for Stockholm, 


were however not calculated earlier. 


For the design of heating and cooling systems the effect 
of heat storage in the building structure and the response 





time cf the building to fluctuations in meteorological 
conditions is of considerable importance. The greatest 
heating or cooling loads will in general occur not during 
a single cold or hot day but after a prolonged spell of 
cold or warm conditions, when the thermal load is gradual- 
ly built up. Correspondingly the lowest or highest outdoor 
temperatures are normally not found on single cold or warm 
days but after several days of stationary, cold or warm 
conditions. In order to specify extreme design conditions 
there is thus a dual reason for selecting continuous per- 
iods of various length and, further, to determine the 
probability of occurrence and characteristic levels and 
daily variations of temperature and solar radiation for 
such periods. 


The first difficulty in selecting such extreme periods is 
to define a reference level. Taking temperature as the 
most important element, one might use the long term (nor- 
mal) monthly mean temperature. This would work well during 
January and July, when there is only a very small trend 

in temperature during the month (cf. fig 5 and 6). However, 
during other months and in particular in autumn and spring 
(cf. fig 4) there is a strong trend in the mean tempera- 
ture. Thus a period in the beginning of May may be select- 
ed as cold with reference to the monthly mean temperature 
even though it is a warm period with reference to the mean 
temperature for the dates in question. Another difficulty 
is that a period extending from one month to another might 
belong to the cold type with respect to one month but to 
the warm type with respect to the other. 


In order to avoid such ambiguities and to preserve the 
true meteorological occurrence of continous weather 
situations a method for selection has been developed 
where the mean annual course of daily mean temperature 
is used as level of reference. This level is shown in 
figure 4 as determined from the period 1961-72. 
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A warm or cold period is defined as a sequence of n days each 
having a daily mean temperature (Τι) that fullfills the con- 
dition 


w i D for warm periods 
FRITT k š$ ë, በሬ wer 
e D i for cold periods 





where T, is the long-term mean temperature for each day of the 


year. 


A second condition is that the day before and the day after 


the n-day period (defined by a certain deviation اجه‎ + 1) 


0 
both have deviations 


The choice of a 1°-deviation for the basic (k = 0) definition 
of warm/cold periods is partly justified by an earlier study 
(7), where it was found that during typical summer anticyclo- 
nic weather-situations the daily mean temperature exceeded the 
mean for the date by at least 1°C. For reasons of simplicity 
the basic definition of a 1°-deviation has been used also for 
cold periods. It is possible that this can result in the in- 
corporation of some mixed-weather sequencies in the selection 


of cold periods. 


Additional leveis cf selection are defined by incrementing 
the deviations 5. 2 in steps of 1°c. 

f 
A warm or cold period extending from one month tc the next 


is taken to belong to the first month. 


The period used for establishing the annual mean course covers 
the 12 years 1961-72. At the time of (2) this was the longest 
common period for which data on temperature and global radia- 
tion were available on magnetic tape for a sufficient number 
of stations in various parts of Sweden. Comparisons with the 
climatological normal period 1931-60 showed that the monthly 


ur f 





mean temperatures of the period 1961-72 are within + 1% of 
the normal values. This is of minor importance since, firstly, 
differencies of the same order occur between different normal 
periods (eg. 1901-30 vs. 1931-60) and, secondly, no particular 
long-term average can safely be said to give the best estimate 
for future conditions. A matter of greater practical importan- 
ce in this connection is the Calculation of the mean for each 
date. Using a 12-year period means that the mean for each date 
is based on only 12 values. It turns out that this number is 
too small to smooth our random variations. The occurences of 
one or two exeptionally warm or cold days at a particular date 
may still be seen in the 12-year mean. Thus, by simply comput- 
ing the arithmetic mean-values one obtains an annual course 
that contains large and irregular fluctuations that have no 
climatological significance. Therefore a smoothed annual mean- 
curve was produc:d by computing l-day overlapping mean-values 
over 30 days. 


From the period 1961-72 warm/cold n-day periods were selected 
according to the conditions given above and grouped according 
to the parameters n,m (where m = k + 1 is written for conveni- 
ence). Thus, all cases with e.g. 5 consecutive days showing 

T - T, > p" belong to the group (5, 7). 


The total number of cases during 1961-72 is counted for each 


rou n, m). lu f T. , = - 
g p (n, m). Mean values o Ti, AT, የመ وو‎ and G; 


are calculated for each day (i = 1... n) within each group 


and also for day 0 and n + 1. 


Thus, a preliminary distribution is obtained, giving the num- 
ber of cases with deviations ی‎ ር exceeding different m-values. 
The frequencies in table 2-4 and the associated data on T, AT 
and G for a particular n-value have been obtained by inter- 
polation from this preliminary distribution to obtain data 
corresponding to standardized annual frequencies (0.1, چ‎ P 
0.5, 1.0, 3.0 and 5.0 periods/year). 
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The persistence of weathe: 
the normal 24-hour cycle in temperature must be retained also 







b) The period is preceeded and followed by days 0 and n +1, 


Warm periods during the summer months may for all practical for which 


lity of finding long warm 
purposes be assumed to coincide with Stable anticyclonic con- 


for day 0. The following approximate approach is suggested in 
this case. 






of year and also geograph: 



























ditions, during which air temperature and insolation show a 
Pronounced daily cycle. In order to derive data on temperature 
and global radiation for different hours during each day we 


thus assume a sinusodial 24 hour temperature-swing with the 


of Sweden are frequently | 
during the winter and, th 
weathe: conditions than tl 
by the following table, wł 
periods in January 1961-7: 


So ۶ (25 7 To nor) > πρ 







First a sinusodial temperature-swing is derived in the same 

















way as for days 1 to n. The range AT =0 is however reduced The coldest n-day period that will be selected for any n is 


the one that fullfilles conditions a) and b) for the lowest 
(coldest) level of selection, m, =m . From this it follows 


0 min 
that those days, that are taken as day 0 and n * 1 in a par- 


by an amount equal to the difference (T, - To) ° Next, the tem- 








iven T- and AT-values. T ኞች a ۱ | 
g he minimum temperature is taken to peratures for each hour during day 0 are adjusted by adding a 


Occur at sunrise. Other and somewhat more realistic forms for (T 





















- T.) | 
the daily temperature-variation may also be applied. correction $T(t) 1 0 (t - 12), where t is time of day. 










































































Period 
24 2 ticular case and for a given n-value, may well be part of a length Stockholm 
This will retain the daily meantemperature, τρ, and nearly, (n) 
“er ey ف‎ longer period selected from a higher m,-value. For example, 
The division of global radiation into direct and diffuse radia- though not completely, bring back (ለዊ). , to the original va- 0 — 
n=0 i the two individual days that come out as 0 and n + 1 for a 1 135 
tion may be done in several ways. We apply the method used in lues. Finally a graphical adjustment of the transition from 
i 5-day period selected on the condition ô > mo may be days 1 2 75 
the BRIS-program as described in (8). day 0 to day 1 should be done. i س‎ 
and 7 in a 7-day period selected on the condition δ.» (m,-1). 3 35 
The daily variation of te erature and solar radiation dur; Clearl the approach is rather crude and other methods ma 4 17 
i 1 w — y. - : This explains now the result in table 2, where e.g. for n= 5 5 2 
COld periods is treated in the same way as for warm periods, well be used instead. It is, however, sufficiently realistic 
f = 0.1 day 0 is colder than any of the days 1-5 for ከ = 5, 6 6 
though the assumption of clear skies and stable weather may be for practical use. 
f = 0.2 and day n + 1 for f = 0.1 is equally cold as day 5 for 7 0 
less valid. However, the daily amplitude in solar radiation is ε 0.2 
much less during winterconditions than during summer and the The data in tables 2 and 3 are given with a resolution of 8 3 
| i ۱ ۱ δ, u. 9 1 
relation between temperature and insolation during w 0.5°C in tem erature and 10 Wh/m” in global radiation. With 
ብ Po ΝΒ > / " The fact that no 7-day periods have been selected even though 10 6 
rather weak. Thus, the data for cold periods are still condider- regard to the rather small number of years (12) used; the = 


one 9-day period was found is also explained by the conditions 
a) and b). Clearly the latter period contains 7 consecutive 
days that each would be classified as a cold day according to 
condition a). However, no 7-day period is contained in the 9- 
day period that fullfills condition b). 


ed as realistic winter design conditions. frequencies should be regarded as order of magnitude rather 


than well established probabilities. The frequencies 0.1 and 
0.2 periods/year correspond to one and two periods respecti- 










It is of some interest to note that very large AT-values often 


Another consequence of the 
occur during the days before (i.e. day 0) and after (i.e. day 


vely during the 12-year period 1961-72. 






is that "normal periods", 
n * l) a cold period. This is a consequence of the way in which 


cold periods frequently occur. After some days with normal or 
warm weather-types an abrupt change to a cold type takes place. 
This cold period is often ended by the intrusion of warm air 












are rather unusual. During 













To explain further the implications of the results in tables periods for n = 1 is only ز‎ 


Tables 2, 3 and 4 show that the frequency of warm or cold 
periods drops quickly with increasing n. This reflects the 
pronounced variability in weather conditions that is a typical 
property of the Swedish ciimate. An illustration to this is 
the Test Year shown in figure 4. However, the method used in 
selecting the Test Year is likely to produce a year with un- 
usually great variability. Other years may contain much more 
persistent weather situations. Such a year will most likely be 
ruled out as a 'test year' since one or several months would 
show large deviations in the temperature- and radiationsums. 


2-4, we recall that two conditions must be fullfilled in or- respectively. Further, no 1 


der that n consecutive days shall be selected as i cold n-day is found at the two statioi 











masses. The changes from one weather-type to another typicaliy 
take place within one or two days. Thus we may take day 0 and 






period, namely 


As can be seen from tables 












n + 1 to represent the transitions and, consequently, assume a a) Each of the n days has a mean temperature falling below stable during February thar 


linear 24-hour change in temperature over the range given by the average of the date by more than a certain amount longer, cold periods, e.g. 


AT for days 0 and n + 1. This procedure may be used to determine 


initial conditions, i.e. for day 0, in heat balance calculations 
for cold periods. 


m. (m, > 1), i.e daily mean temperatures dur 
0 0 ብ 6. * 







lower in February, even thc 
perature shows only a sligh 
(c.f. fig. 4). 














In the initiation of caiculations for warm periods the assump- where m, is the same for all i. 


tion of a linear change during day 0 is too simplified. Here 
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r-situations - and thus the probabi- 
or cold periods - varies with time 
ically. The southern and middle parts 
inder the influence of moving cyclones 
is, have a greater variability in 

ie northern part. This is brought out 
iere the total numbers of cold n-day 

' are given for Stockholm and Kiruna. 





> A سم‎ ἃν e 0 





variability in weather conditions 
i.e. periods with T, - T, > 1 
1961-72 the total number of such 
24 and 29 for Stockholm and Kiruna 
10rmal period longer than 4 days 


15 during January 1961-72. 


2 and 3 weather conditions are more 
| during January. The occurrence of 
n — 5, 7 and 9, is higher and the 
ing such periods are considerably 
ugh the mean annual course of tem- 
t variation during these months 













Station: Stockholm - Bromma Month: January, 30 
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If winter design conditions are to be selected on the basis 

of daily mean temperature only, obviously the data for February 
should be used. However, the global radiation during the cold 
periods is considerably stronger during February than during 
January and so is the daily range AT. This makes the choice of 
design data less evident, a matter that will be studied further 
for different types of buildings. 





Table 2 














Data for cold n-day periods with different probability of 
occurrence, Stockholm-Bromma, January. 











T - Daily mean temperature (ፇር) for day 0 -n+ 1 












AT =T - © 






for day 0 - n + 1 





Total global radiation (ዛከ/8*) for day 0 ፦ n + 1 


G 





explanations see text. 












































day 1-9 





0 1 2 3 - 5 6 7 8 9 n+l 



















-6.0 -9.5 -7.5 -7.5 -7.0 -7.0 -10.0 -8.0 -11.5 -15.0 -6.5 - 9.5 
0.1 AT 6.5 4.5 7.5 5.5 4.5 2.0 9.0 9.5 7.5 8.5 7.0 6.5 
1120 990 770 990 840 620 1560 660 950 1590 520 1000 












































Table 3 


Data for cold n-day periods with different probability of 
occurrence, Stockholm-Bromma, February. 


T = Daily mean temperature (°C) for day 0 - n + 1 


AT =T > E 


mex min for day 0 - n + 1 


G = Total global radiation (Wh/m?) for day 0 - ص‎ + 1 


For explanations see text. 
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Station: Stockholm-Bromma Month: July 





Station: Stockholm-Bromma Station: Stockholm-Bromma 


















Month: February 






Month: February 







Table 4 











Data for warm n-day periods with different probability of 
























occurrence, Stockholm-Bromma, July. 




















Daily mean temperature (9c) for day 0 ፦ n + 1 













for day 0 - n + 1 








Total global radiation (Wh /m? ) for day 0 ፦ n + 1 












For explanations see text. 

































































22105 
year 






















13.5 15.0 
3.630 660 























-10.5 - 5 
).2 5.2 15,3 8.5 8.5 5.0 4.0 4.0 5.5 9.5 10.0 11.5 8.0 
3.270 3.310 













-11.5 - 4.5 
14.5 12.5 
2.620 1.340 



















Static 








0,5 














0,2 





0,5 








n: Stockholm-Bromma Month: July 
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